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Abstract
We studied nutrition in 123 field populations of Trifolium subterraneum, var. subterraneum and var.
brachycladum Gib. et Belli, with respect to calcium and aluminium tolerance in low-fertility soils in
western Spain, most of them situated in semi-arid environments. The observation of the ecological
profiles allowed us to know the differences about the autoecological behaviour of the species and the
two varieties with respect to soil exchangeable calcium and aluminium and percent of soil calcium
carbonate. The response of populations of the two varieties of Trifolium subterraneum L. to the
increase of soil exchangeable calcium directly affects the contení of Mn and Na. Resides, we found
significant differences for Mg and Fe contents in the populations of var. brachycladum. Differences in
intervarietal behaviour were mainly related to populations that grew on soils with low and high
exchangeable calcium levéis, while the differences were small or absent at intermedíate levéis. There
was a clear intervarietal difference with respect to the mean valúes of Na and Ca in the plants. In soils
with higher exchangeable calcium levéis there were also differences between both varieties with respect
to Mg and K plant contení, and therefore for Ihe divalenl/monovalenl ralio. Our sludy furlher showed
Ihal populalions exposed lo Ihe same level of available nulrienls in low-ferlility soils have markedly
different uplake capacilies. The results confirm the existence of stress-loleranl populations growing in
soils with exchangeable calcium levéis lower Ihan 3meq. 100 g 1 . The resulls oblained will help lo
clarify Ihe use of nulrienls by plañí cióse taxa in slressful environmenls.
Introduction
Changes in Medilerranean agricullure increase
the imporlance of paslure legumes. Within tríese
autochthonous legumes, Ihe sublerranean clover
is a very imporlanl species of ovine paslures.
When il is adequalely managed, il conlribules
to maintain Ihe organic N slock in Ihe soil, and
due lo ils creeping fealures helps conserve il
againsl erosive processes, specially in áreas
with dry continental mediterranean climale.
This species contains groups of populalions
adapled lo slressful condilions in many environ-
menls (xericily, soil acidily and low nulrient
contení) (Martín et al., 1980; Pastor et al.,
1987).
Nutrient availability is an imporlanl seleclive
factor operating in plañí community develop-
menl. Differenl concenlralions of nutrienls in
soils modify species composilion, while nulrienl
use efficiency is a factor conlribuling lo species
dominance. Plañís in Iheir nalive habilals vary
less in Iheir lissue nulrienl concenlralion wilh
variable soil nulrienl condilions Ihan do culti-
valed plañís, and infertile environments give rise
to plant species with bolh slow growlh and slow
resource caplure (Chapín, 1980).
Mosl of Ihe sludies on physiological adapla-
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tion to soil mineral stresses of wild populations
have been more successful in comparing growth
response of plañís and their morphological attri-
butes to increasing mineral constraints than in
comparing physiological traits (Wacquant et al.,
1992). These authors propose to confirm the
existence of functional calcifuge and caldcóle
populations within one species (Dittrichia vis-
cosa), and to test for a gradation in population
differentiation in relation to the intensity of
mineral stress in the habitats. They demónstrate
the possibility of detecting nutritional differentia-
tion of ecological significance among populations
of this species.
Kruger (1987) examined correlation patterns
between nutrition, plant forms and successional
status for 33 species. These results indícate that
the species exposed to the same amount of
nutrient availability have markedly different up-
take capacities, suggesting a great diversity of
nutrition among the species within these infertile
habitats; similar life-forms from different locali-
ties tend to resemble each other in their
foliar nutrients. Uptake capacities seem to be
correlated with life-history strategies. des-
pite that species with similar growth-form typcs
and in the same habitat apparently may differ
substantially in their uptake capacities. This
fact coincides with the hypothesis presented
in this study on mineral nutrition patterns
of autochthonous populations of Trifolium
subterraneum L. in a successionally mature
status.
Rorison and Robinson (1984) considered some
effects that may be attributed to a direct or
indirect influcnce of Ca on plant distribution.
According to these authors, changes in Ca + + and
CaCO3 activity is perhaps the most importan!
edaphic determinant of plant distribution in
températe latitudes.
This study pretends to highlight the response
of Trifolium subterraneum L. to soil exchange-
able calcium when the species populations grow
in their natural communitics, and considers the
whole range of soils in its distribution área in
Western Spain. Our contribution is part of a
series of studies devoted to determine essential
ecological factors related to soil characteristics in
the ecophysiological behavior of this species. We
want to determine what exchangeable calcium
levéis in the upper soil layer influences the
mineral nutrition of Trifolium subterraneum
cióse taxa characterized as calcifuge.
Material and methods
Plant material
Our studies are based on plant samples from 123
natural populations, chosen among more than
500 samples belonging to cióse taxonomic var-
ieties of Trifolium subterraneum L., which were
collected from the soils where they grow, for the
range of valúes of their distribution área in
Western Spain (between 36° 3' and 43° 32'
latitude N and 2° 53' and 8° 38' longitude W,
from Andalusia to Galicia).
The fresh plant material was classified (Kat-
znelson, 1974). We conserve a collection of dry
material composed of representative plants from
each sampled locality. Thirty three of the plant
populations considered in this study belong to
Trifolium subterraneum L. var. brachycladum,
while 90 belong to Trifolium subterraneum L.
var. subterraneum.
The populations were grouped for their study
in the following way for each variety: 1) popula-
tions growing in soils with exchangeable calcium
levéis lower than 3.0 meq 100 g ~ ' ; 2) with levéis
ranging from 3.0 to 9.0 meq 100 g ~ ' ; and 3)
those with levéis higher than 9.0 meq 100 g .
In a plant nutrition study it is very important to
indícate the humidity of the station where popu-
lations develop. Var. brachycladum gathers the
most xeric populations within the species, its
preference for the driest places and its absence in
humid stations is noticeable. On the other hand,
var. subterraneum gathers the most mesic popu-
lations within the species.
Plant analysis
Plant tops (leaves, shoots, flowers and fruits)
were collected mainly at the phenological stages
corresponding to the end of flowering and fructi-
fication, adequate in order to establish com-
parisons between the material coming from dif-
ferent localities with respect to the nutrient
concentration.
The type of selected sample was aimed at
integrating the behaviour of the whole plant.
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Some authors, such as Wacquant and Bouab
(1985), suggested the possibility of using shoot
plant analysis for further population screening
when comparing the composition of sap and
plant organs of different wild genotypes. It has
been shown that the variation from one genotype
to another observed in sap composition, was
reflected by the whole plant and the shoot.
The material was washed up with distilled
water and then dried at 80°C to a constant
weight. One gram of dried, ground plant was
dry-ashed. The powder was slowly incinerated
until fumes disappeared, then it was placed in a
muffle furnace at 450°C for 10 hours. The ashes
were digested by heating with a 1:1 HC1 solution
(macroelements). For analyzing the minor ele-
ments the ashes were treated with a 1/1/8
mixture of HCl/HNO3/water. After filtration,
Na, K and Ca were determined by flame-photo-
metry, and Mg, Fe and Mn by atomic absorption
spectrophotometry. The macroelements are
given in meq per 100 g of dry matter, while the
minor elements are expressed in mg kg~'.
Soil analysis
We collected cióse to 400 soil samples for analy-
sis from the top 15 cm around the Trifolium
subterraneum (s.l.) roots.
The soil exchangeable calcium was extracted
by percolation with IN ammonium acétate solu-
tion at pH = 7; the soil exchangeable aluminium
was extracted also by percolation, using 1 N KC1
solution. Calcium carbonate was analyzed by the
acid neutralization method of Black (1965).
The calcium in the extraéis was determined by
flame photometry; the aluminium was deter-
mined by titration of the NaOH obtained by
adding NaF to the extract in order to form the
fluoraluminate complex; the reaction lasted for
1/2-1 hour, the titration was carried out by
means of a pH-meter with a 0.01 A' HC1 solution
until a pH valué of 8.3 remained constant for 2
minutes.
Data analysis
The ecological profiles of the species and of the
varieties studied were calculated according to the
methods pointed out by Gordon (1965), Guil-
lerm (1971) and Gauthier et al. (1975).
The differences between the catión contents of
plants were tested by variance analysis (F test).
Results and discussion
Soil calcium as an ecological factor
The soil exchangeable calcium is an important
factor in the distribution of subterraneum clover
taxa, specially for Trifolium subterraneum L.
var. subterraneum and less for var. brach-
ycladum. We note that climate related factors
rather than those related to the soil are more
'active' in the distribution of var. brachycladum.
Considering the soil factors, we found moderate-
ly active the exchangeable calcium. With regards
to the distribution of var. subterraneum, the
edaphic factors are generally more 'active' than
those related to climate, with exchangeable cal-
cium being one of the most active (Pastor et al.,
1987).
Table 1 shows the synthetic ecological profiles
of the studied taxa for exchangeable calcium,
percent of calcium carbonate and exchangeable
aluminium.
The ecological width with respect to calcium
for both varieties is consistent with that of the
species, ranging from 0.4 to 36.0 meq 100 g"1 of
the fine soil fraction. In Western Spain there are
specially suitable sites for the presence of Tri-
folium subterraneum L., which have exchange-
able calcium levéis lower than 9.0 meq., while
those with contents higher than 21.0 meq are not
suitable. The species does not appear in soils
with exchangeable calcium contents higher than
36.0 meq 100 g"1. Most of the studied popula-
tions had an exchangeable calcium contení in
their habitáis lower than 21.0 meq 100 g 1 .
The populations Ihal belong lo var. brach-
ycladum show a cerlain indifference lo Ihis
factor, allhough Ihey prefer soils wilh conlenls
lower than 3 meq 100 g*1. The var. subter-
raneum populations are betler represenled in
soils wilh higher exchangeable calcium conlenls,
Ihriving more in soils wilh an exchangeable
calcium contení ranging from 0.4 lo 6.0 meq
100 g.
According lo Ihe above mentioned behaviour,
we noted Ihal Ihe suilable soils for Ihe species
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Table 1. Synthetic ecological pretiles of Trifolium subter-
raneum L. and of the varieties brachycladum and subler-
raneum ¡n relation to soil exchangeable calcium and alu-
minium (meq 100g ') and soil CaCO, (%)
Factors and Trifolium subterraneum
classes
sp. var. brachycladum var. subterraneum
Caleium
< 3.0
3.0- 6.0
6.0- 9.0
9.0-12.0
12.0-15.0
15.0-18.0
18.0-21.0
21.0-27.0
27.0-36.0
>36.0
Aluminium
0.0
tr.-0.2
0.2-0.4
0.4-0.6
0.6-0.8
0.8-1.0
1.0-1.6
1.6-2.4
>2.4
CaCO,
0.0
tr.- 1.0
1.0- 2.0
2.0- 3.0
3.0- 4.0
4.0-10.0
10.0-20.0
>20.0
VF
F
F
I
I
I
I
U
U
A
U
F
F
F
F
F
VF
VF
VF
VF
I
U
U
VU
VU
A
A
VF
U
U
A
U
F
VF
VF
VF
VF
I
I
I
VF
U
U
u
u
u
A
A
VF
F
U
U
A
U
F
F
F
F
F
VF
VF
VF
VF
F
I
U
VU
VU
A
A
VF: Very favourable; F: Favourable; I: Indifferent; U:
Unfavourable; VU: Very unfavourable; A: Absent; tr. traces.
are those that do not have any calcium carbon-
ate, while those with levéis higher than 1.0
percent are not suitable. The ecological width of
var. brachycladum and var. subterraneum with
respect to total soil calcium carbonate range
between O for var. brachycladum and 0-2.0 for
var. subterraneum.
The soil exchangeable aluminium levéis are
unsuitable for the two varieties in soils with little
or no acid. The presence of populations of var.
brachycladum is related to the range tr.-l.O meq/
lOOg, but we should point out that they do not
show any positive sensitivity to aluminium levéis
higher than l.Omeq/lOOg. On the other hand,
the presence rather than the abundance of var.
subterraneum is positively related to soils with
valúes higher than 1.0 meq (1.0-3.4 meq).
Therefore we can state that the behaviour of
varieties differs with respect to the soil exchange-
able aluminium and that var. subterraneum is
more tolerant to this element than var. brach-
ycladum .
Effects of soil exchangeable calcium on plant
composition
Table 2 shows the mean valúes of plant mineral
nutrients and the results of the variance analysis
for the soil exchangeable calcium levéis where
they grow. The response of the populations of
the two Trifolium subterraneum L. varieties to
the increase of soil exchangeable calcium directly
affects the contents of Mn and Na, which are
higher in the populations growing on soils with
lower calcium levéis than in those growing on
soils with higher levéis. The differences of the
Mn contents are statistically significant for the
populations of both varieties. The differences for
Na contents are significant only for the popula-
tions of var. brachycladum, due to the fact that
they grow in more xeric sites, where the soil
exchangeable Na levéis are lower; this difference
is very remarkable for soils with higher Ca
contents. We noted that the soil exchangeable
calcium level strongly interacts with sodium
uptake in both varieties. The mean Na valúes for
both varieties are greater in the plants that grow
with lower levéis of soil exchangeable calcium.
Mean Na valúes also favour the potassium up-
take by plant populations of both varieties, with
no statistically significant differences.
In a previous study Martín-Ramos et al.
(1980) found that sodium was an important
element in relation to the ecophysiological min-
eral nutrition of the species. The relative low soil
exchangeable sodium contents favour the potas-
sium uptake by plants; this uptake decreases
when Na soil level increases; the opposite is truc
for the sodium contení in plants. In this study we
found that sodium is really important for var.
brachycladum. The exchangeable sodium and
calcium of soils similarly affect the potassium
contení in plants.
Response of wild subclovers to soil calcium 607
Table 2. Effect of the soil cxchangeable calcium levéis on the mineral composition of the aerial parts of autochthonous
populations of Trifolium sublerraneum L. (Mn and Fe are expressed in mg kg~' ; Ca, Mg, K and Na in meq. 100 g"1 dry matter at
80°C)
Varicty
brachycladum
Ca
Mg
K
Na
Ca + Mg + K + Na
Ca + Mg/K + Na
Mn
Fe
subterraneum
Ca
Mg
K
Na
Ca + Mg + K + Na
Ca + Mg/K + Na
Mn
Fe
Calcium <3 meq.
« = 11
mean
72.7
22.7
48.9
10.5
154.8
1.9
94.2
158.1
n = 21
mean
60.3
21.6
40.6
18.5
141.0
1.5
70.5
168.5
Calcium 3-9 meq.
« = 13
mean
64.8
22.5
55.8
8.3
151.3
1.5
57.3
224.5
n = 41
men
64.0
22.4
45.9
14.8
147.2
1.6
56.0
185.4
Calcium >9 meq.
n = 9
mean
58.6
17.5
64.8
1.6
142.5
1.2
29.8
138.4
77=28
mean
68.1
24.3
52.0
12.1
156.5
1.5
38.6
177.7
F (Snedecor)
(df2,30)
3.10
5.43**
1.81
3.85*
0.98
2.64
9.26***
3.73*
(df2,87)
2.20
1.64
2.73
1.64
2.65
0.23
10.86***
0.30
p < 0.05 (significant).
* p<0.01 (highly significant).
**p< 0.001 (very highly significant).
Besides, we found significant differences for
Mg and Fe contents in the populations of var.
brachycladum which generally grow on soils with
lower Al contents; its presence is related to the
range tr.-1.0 meq 100 g ' soil exchangeable alu-
minium in soil, smaller contení in general than
the one supported by the populations of var.
subterraneum (to 3.4 meq). A study of the
mineral composition of the aerial part of Tri-
folium subterraneum L. in relation to the level of
soil exchangeable magnesium (Martín-Ramos et
al., 1983) found that soil magnesium level affects
the magnesium, copper and iron contents of the
aerial part of plants in populations growing in
pastures established on soils with exchangeable
aluminium. These results agree with the ones
found in this study for the var. subterraneum,
which is positively related to soils with valúes of
exchangeable aluminium higher than 1.0 meq
(1.0-3.4 meq) (see Table 1). In this variety
magnesium and iron contents in the plants are
higher when there is exchangeable aluminium in
the soils; however this behaviour turns into the
contrary for populations of the var. brach-
ycladum in the case of higher levéis of exchange-
able calcium. The different behaviour of both
varieties with respect to magnesium is clearly
noted in soils with exchangeable calcium con-
tents greater than 9.0 meq 100 g *.
We noted as well the role of calcium in plants
as a regulator of the amount of certain ions in
their tissues. This may take place when the Ca
level is low and is unbalanced in relation to the
ionic environment as pointed out by Wallace et
al. (1966, 1968, 1971).
Differences among varieties of Trifolium
subterraneum L. in uptake patterns
Table 3 shows the máximum and minimum
valúes of mineral nutrient levéis for the aerial
plant parts of var. brachycladum and var. subter-
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Table 3. Comparison of the mineral composition of aerial parts of autochthonous populations belonging to two varieties of
Trifolium subterraneum L. from soils with three exchangeable calcium levéis (Mn and Fe are expressed in mg kg" ' ; Ca, Mg, K
and Na in meq. 100 g dry matter at 80°C)
Exch. Ca < 3 meq
Ca
Mg
K
Na
Ca + Mg + K + Na
Ca + Mg/K + Na
Mn
Fe
Exch. Ca 3-9 meq.
Ca
Mg
K
Na
Ca + Mg + K + Na
Ca + Mg/K + Na
Mn
Fe
Exch. Ca>9meq.
Ca
Mg
K
Na
Ca + M g + K + Na
Ca + Mg/K + Na
Mn
Fe
var. brachycladum
range
n=\\9
18.1- 28.4
19.2- 97.2
1.3- 30.5
116.6-203.0
0.8- 4.8
36.0-220.0
77.0-225.0
n= 13
47.6- 82.0
14.8- 34.1
33.3-111.3
0.6- 21.7
133.1-182.1
0.6- 2.9
29.0-100.0
87.0-445.0
« = 9
50.9- 66.5
12.8- 19.7
49.9- 88.2
0.5- 5.3
126.3-170.0
0.9- 1.4
20.0- 41.0
62.0-237.0
var. subterraneum
range
« = 2 1
39.0- 86.0
15.2- 31.7
16.6- 92.1
6.1- 59.2
107.3-198.1
0.8- 3.2
31.0-132.0
75.0-362.0
n =41
35.3- 97.8
12.3- 34.1
7.7- 80.6
0.5- 44.4
97.1-218.0
0.8- 5.8
31.0-137.0
87.0-450.0
«=28
43.0- 99.2
16.9- 43.6
23.0- 92.1
0.8- 44.8
119.5-207.5
0.8- 2.3
11.0- 97.0
72.0-500.0
F (Snedecor)
(df 1.30)
6.15"
0.47
1.20
3.25
2.34
1.74
2.70
0.14
(df 1,52)
0.03
0.002
3.24
3.59
0.35
0.19
0.03
2.03
(df 1,35)
4.52*
12.12***
4.98*
6.22*
2.54
6.52*
2.01
1.58
p<0.05 (significant);
" p<0.01 (highly significant);
"*p< 0.001 (very highly significant).
raneuní populations. This table also includes the
variance analysis that considers the variety as a
factor in order to study the different mineral
nutrient elements, for the different levéis of soil
exchangeable calcium. We used the following
levéis as a reference point for the separation of
the populations into groups: the 'most fertile'
soils were those with a contení higher than
9.0 meq 100 g 1 , the 'low fertile' soils those with
a contení lower than 3.0 meq 100 g"1, and the
group with 'intermedíate soil fertility' was
characterized by a contení between 3.0 and
9.0 meq 100 g'1.
The variance analysis shows stalislically signifi-
canl differences for Mg, Na, K, Ca, and the
(Ca + Mg)/(K + Na) ralio in plañís growing on
soils wilh exchangeable levéis of Ca grealer ihan
9 meq 100 g"1. These differences are only signifi-
canl for Ihe Ca conlent in populalions growing
on soils with Ca levéis lower than 3 meq 100 g .
The populalions of var. brachycladum ihat grow
on more desaturated soils only presenl higher Ca
valúes for Ihe lower calcium exchangeable soils.
This indícales that at Ihose levéis Ihe former
populalions compete well for low calcium con-
tenls wilh olher communily plañís, including
populations of var. subterraneum. The popula-
tions of this last variely, thal Ihrive in inferlile
habilats, may be considered as stress-loleranl
(wilhin Ihe variely), accepling the theory thal
slress induces a slighl loss in lissue nulrienl
concenlrations (Kruger, 1987). This fací also
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confirms that thc other populations are adapted
to habitáis with higher fertility in spitc of being
present with higher exchangeable aluminium
levéis. The effect of aluminium reported in
nutritional differentiation in populations of Dit-
trichia viscosa (Wacquant and Baus, 1992), in-
creasing K and decreasing Ca and/or Mg ac-
cumulation in plant, has been noted for other
species (Asp et al., 1988; Bengtsson et al., 1988;
Marschner, 1986; Sucoff et al., 1989).
This coincides with our results for var. brach-
ycladum when it grows on soils with exchange-
able calcium levéis higher than 9.0meq 100 g~ ' .
This means that the above-mentioned variety is
adapted to low fertility soils, rather than to high
aluminium contents in their habitáis (according
to their ecological preferences); this contrasts
with the results obtained for var. subterraneum
which is present in soils with higher exchange-
able aluminium levéis and shows preferences for
higher calcium levéis in the soils where the
species thrives.
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